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Ha ocHope aHaM3a paccMaTpHBaeMoli CHCTeMbI 
«OOBeKT — (aKTOpbl — 3aluTa — paOoTHHK» 
cocTaBJIeHa JIMHTBUCTHYeCKad MOJ{eJIb MIpOMciie- 
CTBUA. YCTaHOBJICHO COOTBETCTBHe ONMCaHHBbIX 
IIpOHCIIecTBHH OMacCHOCTAM, IIpeACTaBJIeHHbIM B 
«THMOBOM TI0JIO*KeHHH O CHCTeMe yiipaBleHHa 
oxpaHow Ttpyna (CYOT)». Iloctpoena jocToBep- 
Had JIOTHYeCKad MONI TIPpOHCMIecTBHA C yYeTOM 
CTATHCTHYCCKH OMIpeeJICHHbIX BeEPpOATHOCTEeH BO3- 
HUKHOBeHHA ero TpesMocbyioK. PaccMoTpeHEI Ia- 
PaMeTPBI BOCIIPHHMUMBOCTH YeOBeKa H KPUTepuu 
IIpeBbIMIeCHHA, XapaKTepH3ylOWMe BePUIMHHEIe HC- 
xogpi. Ilyrem mpeoOpa30BaHHa JOorM4ecKol Moje- 
JIM TIpOWCIIeCTBHA B BO3MO%KHOCTHYHO (opMy Opisia 
IIpou3BeyeHa OWeCHKa HM MOJYYeCHbI 3HaYeHHA BO3- 
MOXKHOCTHOH Mepbl peasiM3allHH BepIHHHbIX HC- 
XOJOB. 


Kunro4uesble c10Ba: epeBooOpabaTEIBaIOlMit Hex, 
JIMHTBUCTHYeCKad MOjelIb, BepUIMHHbIi MCxo, 
CYOT, mormueckasa MOJesIb 


Bpejenne. JlepepoodpabaTpiBarollMit ex HMe- 
€T CTOJIApHOe OTAeeHHe, B KOTOPOM HMEeIOTCA 
CTAaHKH, MO3BOJIAIOWHe OCYLICCTBIIATh PacIIWJIOB- 
KY, CTpyKKy CO BCeX CTOPOH HM Ha yroul, WIMoB- 
Ky. TexHoJlorM4ecKHi TIpolecc COCcTOMT 3 Cile- 
AYIOWMX 3TAMOB: NOCTyMIeHve MMOMaTepualia Ha 
IIpHpe3HOM CTaHOK; paciMJIOBKa; MOCTyIWIeHHe 
IMIOMaTepHasia Ha (yroBalIbHbIM CTAaHOK; CHATHE 
CTPpyKKH; WWIMoBKa; MOyYeHHe TOTOBOTO H3z1e- 
mua. Llembro WaHHO paOoTH ABIAeTCA OMpeyese- 
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A linguistic model of accidents is developed on 





the basis of the analysis of the system "object — 
factors — protection — worker". The paper de- 
termines the correspondence between the de- 
scribed accidents and the dangers presented in 
"Model Regulations on Occupational Health and 
Safety Management System (OHSAS)". The 
authors have built an accurate logical model of 
accidents given statistically defined probability 
of occurrence of their preconditions. The paper 
describes susceptibility parameters of a person 
and excess criteria that characterize apical out- 
comes. By conversion of a logical model of ac- 
cidents in its possibilistic form the estimation 
was made and the values of the possible meas- 
ure of apical outcomes implementation were ob- 
tained. 


Keywords: woodshop, linguistic model, apical 
outcome, OHSAS, logical model. 


Introduction. A woodshop has carpenter’s 
shop in which there are machines allowing to 
saw up, to plane in all directions and on a cor- 
ner, to grind. The technological process consists 
of the following stages: receipt of lumber on the 
cutting machine; sawing; receipt of lumber on 
the jointing machine; removal of chips; grind- 


ing; obtaining the finished product. The aim of 
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HHe BO3MO2KHOCTHOM Mepbl TaKHX MpOMcLecTBHH 
Kak Tlope3 Masibla, MOBpexAeHuve ryia3a HW THeEBMO- 
KOHHO3 padoTHu«a [1]. 

B cTonapHoM oTJeeHHuu AepeBoobpabaTEIBa- 
rolero Wexa MMerIOTCA ClleqyroumMe BpewHbIe 
omacHble (akTOpBI: 

— TIOBBIMICHHad 3alIbUICHHOCTb BO3Zyxa pado- 
ye 30HBI; 

— TIOJBWKHbIC YacTH MpOv3BOACTBeHHOTO 060- 
pydoBaHna; 

— TlepeyBuraroliMeca v3 7eMA, 3arOTOBKH, Ma- 
Tepuast [2]. 

C yueToM JjaHHBIX dakTOpoB Oba CcocTaBsIeHa 
JIMHTBUCTHYeCKad MOJesIb IPOMCLIecTBUA. 


this work is to determine the possible measure 
of such accidents as finger cut, eye damage and 
pneumoconiosis of an employee [1]. 

In a carpenter’s shop of a woodshop there 
are the following harmful and dangerous factors: 

— excessive dust in the air of working zone; 

— moving parts of production equipment; 

— moving products, workpieces, materials 
[2]; 

Taking into account these factors, a linguistic 


model of an accident was drawn up. 


J\lepepoobpabotKa 
Woodworking 


PacnusIoBKa 3arOTOBKU 
Sawing of the workpiece 


IlonayqaHue pykKH B 
padouyro 30Hy 
Hand contact with working 
area 


Iloppex qeHve raza 
(KOHTy3H4) 
Eye damage 
(contused wound) 


InyOokuii nope napa 
Deep cut of a finger 


CrporaHue 3aroTOBKU 
Planing the workpiece 


O6pa30BaHne cTpyxKKU 
Chip formation 


IUsmdosanue 3aroTOBKU 
Grinding of the workpiece 


Oopa30BaHne Ibi 
Dust formation 


Bupixanve Ibn 
Inhalation of dust 


Ipod. 3a6omeBanHue 
(IIHEBMOKOHHO3) 
Occupational Disease (pneu- 
moconiosis) 





Puce. 1. JImnrpuctuueckas MOTeIb IpouciiecTBHA 


Fig. 1. Linguistic model of an accident 


IIpu paciusoBke MHIOMaTepHalia pu OTCYT- 
CTBHU CpeJ{CTB KOJUICKTHBHOM 3alllMTbI padounit 
MOXKeT TOUYIMTS rryOoKHH mope3 mabya. Kpo- 
Me TOrO, pH OOpaboTKe MmuuOMaTepuasa Ha Py- 
TOBaJIbHOM CTaHKe OOpa3yeTca CTpyxKKa, KOTOpad 
MOXeT MonmacTh B OOacTb Mia. Kpome 93rToro, 
IIpH WHmoBanuu OOpa3yetca MesKOAMCIIepcHad 
IIbWIb, KOTOpad Tp WomayqaHuu B bIXaTeJIbHbIe 
IIyTH BbI3bIBaeT pa3qpaxkeHve HM MOXKeT IIpHBecTH 
K TIpod@3adoueBaHuaM. 
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When sawing lumber in the absence of col- 
lective protection equipment a worker can get a 
deep finger cut. In addition, during the pro- 
cessing of lumber in planer there are chips, 
which may get near the face. In addition, when 
grinding there is fine dust, which in contact with 
the respiratory tract causes irritation and can 
lead to occupational diseases. 

According to the "Model Regulations on Oc- 


——45——— 








CormacHo «THMOBOMY I0JIO%KeHHIO O CHcTeMe 
ylipaBlleHua oOxpaHow tpyya (CYOT)», B Kkaye- 


CTBe OMacHOocTeli, IpeACTaBJIAIOMIUX Yrpo3y %KH3- 
HH UM 3Q0poBbiIo paOoTHHkKa, BbIOUpaeM CJIe]y10- 
UMe BepIIMHHbIe HCXOJBI: 

HCXO| OT pa3pe3aHHA, OTpe3aHHA OT BO3zelI- 
CTBHA OCTPbIX KPOMOK IPH KOHTaKTe C He3allv- 
UJCHHbIMH yuacTKaMH Tewa; 

HCXO OT BO3elHCTBHA MexaHW4eckoro yripy- 
TOro 9JIEMeHTA; 

HCXO MOBpexeHHA OpraHoB JbIXaHHA 4a- 
CTHIaMu TBI [3]. 

Jlornueckan MOJ\€JIb IIpoucwiecTBHUA. 
HecuactTHbiii cityyait u WpodeccuoualbHoe 3a00- 
gepaHue: Y = y; V y2 V y3 [4-5] 

BepuimuHupli ucxoy |. 


V1 = (%11 V X12) NX43, (1) 


rye  %X4, — otTcytcrBue C3; 

X42 — oTcytcTBue CK3 (orpaxyenne); 

X43 =T> HAY, — ycnosue mpu koTopom 
Wpou30liyeT riryOoKHH mope3 mpu TpeBbiuennn 
lmpeyjeubHO-yolycTumMoro ypoBHa ITY, Harpa- 
X%KeCHHA Ha cpe3T, X13 = 1. 

BepuiMHHblit ucxoy 2. 


V2 = X21 NX22, (2) 

rye X23 — otcytctBsue CH3 (salquTHble o4- 
KM); 

Xoo = P > NAY. — ycnosue nopaxenua ria- 
3a CTpyKKOH, KOTOpOe MpOMCXOAMT Mp MpeBsl- 
WeHHH WpeeubHO-yolnyctumMoro yposua MAY 
MMIIYJIbCHOTO JaBseHua P, X22 = 1. 

BepuiMHHblit ucxog 3. 


V2 = (X31 V X32) AX33, (3) 
rye x31, — otcytcrBue CH3 (pecruparop); 
X32 — oTcytcTBue CK3 (Koxyx); 

X33 =n> HAK,; — ycnopuem nomyuenua 
paOoTHHKoM Iipod3a0oueBaHua OyeT MpeBbIitie- 
HMe [1peeIbHO-JOMyCTHMOH  KOHIeCHTpallHu 
TAK, BpeqHoro BeljecTBa N HW AJIMTeIbBHOCTb 


BO3CHCTBUA, X33 =1 [6]. 
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cupational Health and Safety Management Sys- 
tem (OHSAS)", the following apical outcomes 
are chosen as hazards that pose a threat to life 
and health of an employee: 

outcome from cutting, cutting off from the 
impact of sharp edges in contact with unprotect- 
ed areas of a body; 

outcome from a mechanical elastic element; 

outcome from respiratory injury by dust par- 
ticles [3]. 

Logical model of an accident. Accident and 
occupational disease: Y = y; V yz V y3 [4-5] 


Apical outcome 1. 


V1 = (411 V %12) A X43, (1) 


where x,, — absence of PPE; 

X42 — absence of CPE (screen); 

X13 =T > NAY, — the condition in which 
there happens a deep cut when exceeding the 
maximum permissible level MPLi of pressure 
on the cut T, x43 =1 

Apical outcome 2. 

V2 = X21 NX22, (2) 


where x2, — absence of PPE (safety glass- 
es); 

Xoo =P >HAY, — the condition of eye 
damage by chips, which occurs when exceeding 
the maximum permissible level MPLz of pulse 
pressure P, X22 = 1. 

Apical outcome 3. 


V2 = (X31 V X32) AX33, (3) 
where x_31 — absence of PPE (respirator); 
X32 — absence of CPE (cover); 

X33 =n> IK, — the condition for ob- 
taining occupational disease by an employee 
when exceeding the maximum permissible con- 
centration MPC; of the harmful substance n and 
the duration of exposure, x33 =1 [6]. 





IIpeo6pa30Banne JIorm4eckoii MOjeJIM B He- 
4eTKYIO (BO3MO2KHOCTHYIO) MO/ICJIb. 
BepuimHuli ucxoy 1. 
Pos (y, =1) = min(max(zy,,3x,,)i 7x13) (4) 
re Ty,, = Pos (t > AY). 
BepuiMHHblit ucxoy 2. 
Pos (yz = 1) = min(ry, 5 Tx,,)) (5) 
re y,, = Pos (P > IAY>). 
BepuimHublit ucxog 3. 

Pos (y3 = 1) = min(max(z,,.,; rs) } Mx, )» (6) 
re Ty,, = Pos (n > IIK;). 
Bo3MoxKHOCTHad Mepa peasIM3allMH BeprivH- 

HbIX HCXOJ{OB: 

Pos = max(mi n(ma x( ty, 2) ies) : Tx, ) 3 (7) 


mi N(Ty.43 Txe2 ) , min(max(T,,,; Txs2 ) 1 x33. 


Transformation of a logical model into a 
fuzzy (possibilistic) model. 

Apical outcome 1. 
Pos (= 1) = min(max(z,,}7x,,) ;Tx,,), (A) 


Tx,, = Pos (t > IIA). 
Apical outcome 2. 


where 


Pos (yz = 1) = min(my,,; Tx,,)) (5) 
Tx. = Pos (P > NAY2). 
Apical outcome 3. 


where 


Pos (yz = 1) = min(max(ry,,} 7x5, )}Tx43)) (6) 
where Tx,, = Pos (n > TAK;). 
Possible measure of the implementation of 

apical outcomes: 


Pos = max(mi n(ma xy ite) : Tea) (7) 


mi N(Tx243 Txo2) ; min(max(m,,; Tx, ) 1 Tyg, 


Tadmuua 1 
Table 1 


IlapaMetpbI BOCIIPHHM4YMBOCTH YeOBeKa H KPUTepHU MIpeBbIMleHHA, XapakTepH3yromlHe 
BepIIMHHbIe HCXOJIbI 
Susceptibility parameters of a person and excess criteria characterizing apical outcomes 











2, Hue, Ila 
Pulse pressure, Pa 











r21=3 Ia (Pa) 
§21=6,8 Ila (Pa) 





tused wound), 
$227 122 
r2=5 Ila (Pa) 
522=6,8 Ila (Pa) 





Haumenosanne ak- OulyTuMbiit 
y Topa H ero Tlapamet- | spdexT AeiicrBua 
ome 
Ff . pa: o603Ha4eHHe, Ha IIOO unm 3HayuHTeJIbHBIM Kputuyeckuit 
akTopa 7 . 
Fact P pa3MepHOcTb OvOBUT addext WelictBua | sddext qelictBua 
actor . ea Se 
b Name of the factor | Perceptible effect | Significant effect Critical effect 
number ; 
and its parameters: on PHO or 
notation, dimension biospecies 
Ilopes, Fe 
P TryOokuii Hopes, Orpe3anne, 
Cut : 
Hanps>KeHne cpe3a, eae Deep cut Cutting off 
12711 
1 Mna 0.5 Mna S127 12 S132 713 
r=, II 
Shear stress, MPa (MPa) ri2=5 Mua(MPa) | r13=10 Mua (MPa) 
a 
512=6 Mna (MPa 513=6 Mna (MPa 
51;=6 Mra (MPa) ( ) : ( ) 
Tloppex enue ruia- Pa3 eHue 
Pa3qpaxeHne, P Dia 
oo, 3a (KOHTY3H4), ra3a, 
Irritation . 
VMmityibcHoe yaBiie- = Eye damage (con- Eye destruction 
S21= F21 


$232 121 
r23=7 Ha (Pa) 
$23=6,8 Ila (Pa) 
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3aTpyqHeHHue Oypiika, noTepa Ipod. 
IibIXaHHA, CO3HaHHA, 3a001eBaHHe 
Difficulty Shortness of (IIHEBMOKOHHO3), 
KonieHtpatina IBbI- breathing, breath, loss of Occup. disease 
3 JIM, mr/M S31= 13] consciousness, (pneumoconiosis), 
Dust concentration, n>6 mr/M° (mg / 832> 132 S33> 133 
mg/m m) n>60 mr/M? n>600 mr/M 
53)=6,25mr/M> (mg/m?) (mg/m?) 
(mg /m’) 532=6,25 mr/M 533=6,25 mr/M 
(mg/m?) (mg/m?) 














HanpsxkeHve cpe3a HaxOJHM 3 YyCJIOBUA 
IIPOUHOCTH: 


Q 
Top = a (8) 


re Tp) — Halipsxenue cpe3a, Mma; Q — mo- 

mepeynaa cua, H; F, — noma cpesa, m?[7]. 
Umnyspcuoe Japienve ObuI0 MOMy4eHO 43 3a- 

KOHa COXpaHeHHs KOJIMYeCTBA JBHOKeHUA: 

mv 


re (9) 


At 


mv =At:P>o0=P= 


rye P — wmttyipcHoe japnenue, Ila; At — 
JWIMTCJIBHOCTb BOSZCHMCTBHA, C; m — Macca 
CTpyKKH, KT; V — CKOPOCTb CTpyXKKH, M/c?; 


At ° 
J|na MocyYeHHA BO3MO%KHOCTHOM Mepbl Tpex 
BepIIHMHHBIX HMCXONOB paccC4HTEIBaeM IIOrpell- 
HOCTb CpeJICTB U3MepeHHA MU TorpewtHoctTs CH3, 
IIPHBe]{CHHBIM 3alac Oe30MacHOCTH, MOy4eHHbIe 
3HadeHHA 3aHOCHM B TaOJMILy 2. 


The shear stress is found from the strength 


condition: 


Q 
Top = Fey’ (8) 


where T,, — shear stress, MPa; Q — transverse 
force, H; F,, — shear area, m’[7]. 

The pulse pressure was obtained from the 
law of conservation of momentum: 


mv = At-P>0=P=—— (9) 


where P — pulse pressure, Pa; At —duration of 
exposure, s; ™ —chip mass, kg; v —chip speed, 
m/s’; At: mv = At: P > 0 =P ==. 

To obtain a possible measure of the three ap- 
ical outcomes, we calculate the error of measur- 
ing instruments and the error of PPE, the safety 
margin, the obtained values we put in Table 2. 


TaOmmuua 2 
Table 2 


Mcxogupie JaHHbIe UW pacueTHble 3HavyeHuA BO3MO2%KHOCTHOM MepbI Tpex BepmIMHHbIX UCXOJOB 


Initial data and calculated values of the possible measure of three apical outcomes 



































BM3. 
BH2. 
BUI. IIpod3a6onepanne 
7 IloppexqeHHe rsia3a 
IryOoxuii Hopes (IIH€EBMOKOHHO3) 
(KOHTy3H4) 
AO 1. AO 3. 
AO 1. : : 
Deep cut Occupational disease 
Deep cut ae 
(pneumoconiosis) 
Nysy —~S=V'f 2,625 3,4 3,125 
As = 0,5+ Nysm 1,31 1,7 1,56 
Ar =0,5-r 2,3 2,5 5 
pe 0,62 0,38 0,63 
a (Ar + As) , : , 
ct =1—Zp 0,38 0,62 0,37 
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Puc. 2. Bo3MoxHOcCTHaA peasIn3aWna Tpex BepuIMHHbIX HCXOJOB 


Fig. 2. Possible implementation of three apical outcomes 


Bo3MoxKHOCTHad Mepa peasIM3al[HH BepIIHH- 
HOrO HCxoJa B BUJje BPEMeHHOM yrpaTbI padoTo- 
cmocoOHocTH uM HouydeHHA mpod3aboueBanna 
MOXeT ObITS BBIMMCJIeHa KaK 

Pos = max(min(max(1; 0,81) ; 0,38) ; 
min(0,81; 0,62) ; min(max(1; 0,81) ; 0,37) = 
max(0,38; 0,62; 0,37) = 0,62. 

B pe3yiibTatTe aHasiMu3a [Id 3aqaHHol TexHu- 
yecKOH CHCTeMbI ObIJIa MOCTpoeHa JIMHTBUCTHYe- 
cKad@ MW JIOTH4eCcKad MOJeIM MpouciuiecTBuii, Ha 
OCHOBaHHM KOTOPbIX IlyTeM IIpeoOpa30BaHHA B 
BO3MOXKHOCTHYIO (POPMy MOUyYeHI cezyroulMe 
3HaYeCHHA BO3MO%KHOCTHOM MepbI peasiM3aluu 
BePIIMHHBIX HCXOOB: 

BU1. lnyOoxuii nopes — 38 %; 

BY2. Tlospexgenue raza (KOHTy3“a) — 
62%; 

BV3. Ipod3a6onepanue (MHeBMOKOHHO3) — 
37 %. 

3akio4ueHMe. B pe3yibtTaTe uccieqoBaHHa 
JIA TEXHHYCCKOM CHCTeMBI «Iledb — OTIMBKa — 
paOoTHHK» ObLIM BbIABJICHbI HaHOoIee XapakTep- 
HbIe BpeHbIe WH OMMaCHbIe IpOH3BOACTBCHHBIC 
(pakTOpbl, IpHBOAAWMe K pa3ssIM4HOTO posta Ipo- 
HCIIeCTBHAM, H MOJY4eHbI CexyIouMe 3HaveHHA 
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The possible measure of implementation of 
an apical outcome as a temporary loss of produc- 
tivity and getting an occupational disease may be 
calculated as 

Pos = max(min(max(1; 0,81) ; 0,38) ; 
min(0,81; 0,62) ; min(max(1; 0,81) ; 0,37) = 
max(0,38; 0,62; 0,37) = 0,62. 

As a result of the analysis for a given tech- 
nical system, a linguistic and logical accident 
model was built, on the basis of which the fol- 
lowing values of the possible measure of the im- 
plementation of apical outcomes were obtained 
by converting into a possible form: 

AOI. Deep cut — 38 %; 

AO2. Eye damage (contused wound) — 62%; 

AO3. Occupational disease (pneumoconiosis) 
— 37 %. 


Conclusion. As a result of research for the 
technical system "furnace-casting-worker" the 
most characteristic harmful and dangerous pro- 
duction factors leading to various kinds of ac- 
cidents were revealed, and the following values 


———4y-—— 
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BO3MO7KHOCTHOM MepbI peau3ayun BU: 

BUI (ucxog or TemmoBoro ynHapa) — 23 %; 

BH2 (ucxoy OT Ox*KOra poroBubl raza) — 
20 %; 

BW3 (ucxog oT oTpaBienua) — 42 %; 

BM4 (ucxog oT oxora mpegnmeuba) — 14 %. 

Bo3MoOxHOCTHad Mepa ToTepH padotocroco6b- 
HOCTH paOOTHHKOM B 3aaHHOM TeXHHYeCKON CH- 
cTeme cocTaByiseT 42 %. 
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of possible measure of AO implementation were 


received: 
AO 1 (heat stroke outcome) - 23 %; 
AO 2 (outcome from cornea burn) — 20 %; 
AO 3 (outcome from poisoning) - 42 %; 
AO 4 (outcome from forearm burn) — 14 %. 
The possible measure of the worker's loss of 
productivity in a given technical system is 42%. 
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